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variation in minor-element composition of these basalts, the
heterogeneity in their sources seems to have been primarily
restricted to incompatible trace-element abundances. It must
be pointed out, however, that there is no well-defined corre-
lation between isotopic composition and incompatible trace-
element abundance ratios such as Rb/Sr or Sm/Nd (Mark et
al, 1977; Hart, 1981b). Hence these data do not define mean-
ingful "pseudoisochrons." Furthermore, because most of the
high-Al basalts have Rb/Sr values that are too low to have
evolved to even their lowest 87Sr/86Sr values over the age of
the Earth, it must be concluded that the low-Rb contents of
these lavas reflect a previous differentiation event that ex-
tracted alkalies and other incompatible elements from the ma-
terials that would later melt to produce the high-Al basalts
(e.g., McKee et al., 1983). In such a scenario the isotopic
heterogeneity in the sources of these basalts must have existed
before the depletion event, because the Sr isotopic evolution
of these materials essentially stopped at the time of the deple-
tion because of the low Rb/Sr ratios left after this event. Thus,
the history of the source materials for the high-Al basalts must
be marked by perhaps several events of both enrichment and
depletion.

HETEROGENEOUS MANTLE

One method of imposing heterogeneity on an originally ho-
mogeneous mantle is that of extracting partial melt. The residue
left behind in such an event will be highly depleted in its most
incompatible elements and hence have lower Rb/Sr and higher
Sm/Nd than it had before the melt extraction. Models of melt
extraction, leaving behind depleted mantle reservoirs, have
long been proposed (Tatsumoto et al., 1965) to explain the low
87Sr/86Sr measured in MORE. Variations in the degree of melt
extraction also have been proposed as one explanation for the
observed negative correlation between the Sr and Nd isotopic
compositions of oceanic basalts (e.g., DePaolo, 1979).

Previous melt extraction offers a satisfactory explanation for
lower 87Sr/86Sr and higher 143Nd/144Nd than expected for the
bulk mantle; however, such extraction does not explain the
respectively higher and lower 87Sr/86Sr and 143Nd/144Nd relative
to bulk earth values of some high-Al basalts and the high
87Sr/86Sr Saddle Mountain basalts. If chemical heterogeneities
in the mantle result from the migration of partial melts, ex-
amination of the possibility of "enriching" an area in the mantle
by adding to it melt derived from some other region in the
mantle is necessary. In such a model a fluid originating by the
partial melting of a deeper portion of the mantle ascends and
either solidifies within or equilibrates with overlying mantle
(e.g., Lloyd and Bailey, 1975), Evidence for such metasomatic
processes in the mantle can be found in the relatively high
abundance of ultramafic xenoliths found to contain hydrous
phases. Figure 2.5 shows the effect of the addition of various
types of melt on the isotopic evolution of a mantle region. In
this model 5 parts melt are combined with 95 parts of a prim-
itive mantle composition (Jagoutz et al,, 1979), and the mixture
is allowed to evolve its isotopic composition with its new Rb/
Sr and Sm/Nd.

To produce in this manner a mantle region that will evolve
the high 87Sr/86Sr for a given 143Nd/144Nd (as observed in the
high 87Sr/86Sr Saddle Mountain basalts), the addition of a com-
ponent to the mantle that has a high Rb/Sr for a given Sm/Nd
is necessary. One possibility for this high Rb/Sr component,
and one that is commonly observed in mantle xenoliths, is
phlogopitic mica. As shown in Figure 2.5, a 1 percent addition
of phlogopite to the mantle will lead to nearly horizontal iso-
topic evolution on a Nd versus Sr isotopic plot because of the
high Rb/Sr of the phlogopite and the fact that this mineral has
very low abundances of the rare-earth elements (REE). Be-
cause of the rapid rise of 87Sr/86Sr in the phlogopite-bearing
mantle, the addition of a phase enriched in the light REE for
this mantle region would also be necessary to approach the Nd
and Sr isotopic evolution trend observed for the Saddle Moun-
tain basalts. One possible way to do this is to have the invading
fluid be similar in composition to K- and light-REE-rich kim-
berlite magmas. An important constraint on models of mantle
metasomatism as an explanation of the isotopic variability of
northwest U.S. basalts is that in order to approach the high
87Sr/86Sr for a given 143Nd/144Nd observed for these lavas the
involvement of phases in their source region that strongly en-
rich Rb over Sr seems necessary. Because likely phases with
high Rb/Sr, such as micas, are stable only above depths of
~ 150 km, the conclusion can be drawn that only those regions
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FIGURE 2.5 Present-day isotopic composition expected for a mantle
region formed at various times in the past by the addition or subtraction
of the listed melt compositions from a primitive mantle reservoir (B
= basalt; Alk = alkali basalt; AC = average crust). Dots along each
curve represent 109-yr intervals since the enrichment (eNd > 0) or
depletion (eNd < 0) event that altered the Rb/Sr and Sm/Nd of the
mantle reservoir. The melt addition curves assume that 5 percent melt
was added to 95 percent primitive mantle to produce the "enriched"
reservoirs, with the exception of the phlogopite composition where
only 1 percent phlogopite was added to 99 percent primitive mantle.
Isotopic evolution of "depleted" reservoirs assumes 1 percent melt (or
5 percent for the basaltic composition melt) was extracted from a vol-
ume of primitive mantle to leave behind the "depleted" material. The
open, concave-upward field shows the range of data for northwest U. S.
volcanics. Present-day isotopic composition of the model primitive
mantle is shown by the diamond.